Transactions of the Roval Society of 8. Aust. (2002), 126(1). 21-28.

AMINO ACID RACEMISATION DATING OF A RAISED GRAVEL BEACH DEPOSIT,
SELLICKS BEACH, SOUTH AUSTRALIA

by C.V. MURRAY-WALLACE" & R.P. BOURMAN?

Summary

MURRAY-WALLACE, C.V, & BOURMAN, R.P. (2002), Amino acid racemisation dating of a raised gravel beach
deposit, Sellicks Beuch, South Australia. Trans, R. Soc. S. Aust. 126 (1), 21-28, 31 May, 2002.

The extent ol racemisation (totl acid hydrolysate) of the amino acids aspartic acid, glutamic acid, leucine,
phenylalanine and valine indicates a minimum age of last interglacial tor Tossil molluses oceurring within a
raised gravel beach deposit at Sellicks Beach, South Australia. The base of the raised gravel beach oceurs up to
5.5 m abave Australian Height Datum (A1D) and possibly indicates 3 m of local uplift since 1he last interglacial
masimum {¢, 125 ka; Oxygen [sotope Substage Se). Emergence of the gravel beach is altributed (o ongoing

neotectonic uplifl of Fleuricu Peninsula,

Ky Worbs: amino acid racemisation, last interglacial, neotectonics, sea-levels, South Australia.

Introduction

A resurgence ol inlerest in recent years in
Quaternary emergent shoreline suecessions has
arisen from the increasing ability to determine the
age of these leatures due to technological advances
in geochronology (Rutter & Catto 1995; Noller e7 al.
2000). Similarly, an incrcasing awareness that
coastal successions, particularly those deposited
during the last interglaciation (¢.125 ka), are
sufliciently old to quantily even modest rates of
neotectonism, has bolstered this research endeavour.
Accordingly, the elevation of last interglacial coastal
deposits has been widely used as a benehmark to
delineate recent teetonic behaviour at continental
scales (Murray-Wallace & Belperio 1991 Ota 1994;
Bourman ¢f al. 1999: Zazo et af. 1999). In this work,
the age of a raised beach deposit at southern Sellicks
Beach, South Australia, is determined based on the
extent of racemisation of several amino acids within
molluscs Irom the fossil assemblage. In addition, the
neotectonic significance of this deposit and its
relation to other emergent shoreline deposits on
Fleuricu Peninsula is examined.

Materials and Methods

Field investigafions

The clevation and lateral extent of the gravel beach
deposit was surveyed to Australian 1leight Datum
(AIID) using an automatic level. In addition to a
gencral field description of the deposit, shell samples

© School of Geoseiences, University ol Wollongong, NSW 2522
" School of Environment and Recreation Management, University
ol South Ausiralia, Mawson Lakes, SA 5095,

were collected Tor amino acid racemisation dating and
o document the fossil molluse assemblage. Species
identilication followed that set out in Ludbrook (1984).

Amino acid racemisation analyses

Samples  of  fossil molluses  Tor amino  acid
racemisation analyses (total acid hydrolysate) werc
collected from the gravel beach deposit. Shells were
removed from the matrix of the deposit and their depth
of burial recorded. Analyses were undertaken on
specimens  of  Parella  (Sewrellusira)  laticostura
Blainville, Thais orbita (Gmelin), Svdaphera undulate
(Sowerby), Nerita (Melanerita) aramentosa Reeve
and Osfrea sp. Linnacus.

Sediment adhering to the surfaces ol shell samples
and diagenetically modified aragonite, particularly
chalky surfaces, were removed with a dental drill,
followed by successive washes in distilled water using
an ultrasonic bath. A dilute aeid etch (2 mol HC!) was
subsequently undertaken to remove the outer surfaces
(¢. 10-15% by mass) of the shells that had been in
contagt with the host sediment. Samples were
subsequently hydrolysed for 22 hours at 110° C in §
mol HCI. Following cation exchange isolation of the
amino acid residues, samples were freeze dried and
derivatized.  Chromatography of  the N-penta-
INuropropionyl D, L-amino acid 2-propyl esters was
performed using a Hewlett-Packard S5890A Series 11 gas
chromatograph with a llame ionisation detector and a
25 m eoiled, l[used siliea eapillary eolumn eoated with
the stationary phase Chirasil-L.-Val. Full details of the
analytical techniques followed in this work are reported
elsewhere (Murray-Wallace 1993). Enantiomgric ratios
were determined for the amino acids aspartic acid
(ASP), glutamic acid (GLLU), leucine (LEU),
phenylalanine (PHE) and valine (VAL).
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[, 1 Location of the raiscd gravel beach deposit, Scllicks Beach, South Australiu.
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iyt 20 View Tookme south alony southern Scllicks Reich
towards e sonthern Adelide Hills and coastal eliffs
developed on Plestocene allavial i suecessions, The
Tocttion ot the rmscd heaeh depasit, which ocews in (he
searp (oot zone s imdicated hy an arrow.

Fig, 4 A shore-nornal Siew of the fuised pavel heach
teposit ut Sellicks Beach, The steeply dippmyg Ochre
Cvive Pormuation s visible near the survey stalic The siall
whneh s Tully estended. s 5 i long,

Geomorphological Setting And
Site Deseription

The raised grayel beieh deposil is situated near the
Willunga Faull al the southern-must part ol Sellicks
Bueaeh (357 21 008" S; 1387 26" 07.5" E). landward
ol o modern, mently seaward sloping intertidal shore
pladorm (Figs 1,2y, The madern intertidal platform
is approximately 200 m o wide inou shore-normal
frunseet, 16 partially covered with houlders and
cobbles and represents oo modern analogoe for (he
relict platform (g 33 An accumulation ol boulders
and cobbles ocenrs at the Toot ol the moderm cliltFand
represents o Turther modern analogue ol the raised
beuaeh deposit,. The emerzent gravel beach favies
rests onu strongly eroded  remnant ol a0 shore
plattorm that is developed on the sweeply dipping
Ohgo-Miocene Port Willunga Beds (Duily er ol

Fre 3. View looking southwest wowards the rised gravel

heach depasit at Sellicks Beach, The gravels pest
nnconlorihly on the Oheo-Mivcens Port Willuogs
Beds amd the Muddle Pleistocene Ochre Cove Formitig,
Ihe  gravel deposit dips  gently  seawards, The
uneonfirmity surlice represents a rehicr imermidul shore
platforn. The modern mnertidal platform veeurs i the
[oreground. dips pemtly seswward and is parnally covered
hy Boulders and cabbles The maximmm diflerence
clevation betsween the two plntforms 15 s deterinied
in the most Lndward  exposore. nat visihile e this
photograph, Small, 1solued
crosionsl remmants of the formerly e exiensiye
Pleisiocene shore platorm oceur within this arca (e
a7 i the middle distane).

seir stieks representing

1976), and in part, o steeply dippmg portion ol the
Middle Pleistocene Ochre Cove Fommation (Ward
1960; Pillans & Bounman 1996; Figs 3, 4, 5). The
aravel deposit oeeurs within u fovmer scarp (oot zone
excavated al 4 time of higher sea level, and abuts
fanglomernes o the Ochive Cove Formation (May &
Bourman 1984).

The bedrock surface on which (he gravel beach
{acivs rests, grades ina seawurd direetion rom 3.55
i1y to 4,93 i aboye Australian Height Datum (AHD).
The platform extends out seaward from the deposit
some =15 m forming 4 well-defined bench (Fig, 6).
The gruvel beach lucies erops our aver o shore-
parallel distance ol approximately 50 m. and ranges
in thickness between 1 and 1.5 m (Fig. b).

The grivel deposit s poorly sorted and conrprises
subsrovided o subangular elasts of sibistone,
quurtzile and bryosoal limestone that range {rom
boulder (0 pehble size, although the modal clast size
is boulder-cobble (700-70 mm). The lithoehsts are
tightly packed. Numerous entire and  Tragmental
fossil molluses oeeur within the granular malris ol
the gravel deposit.

A pale grey. ¢lean. free-Mlowing sand s thinly
draped over the gravel deposit and fhe underlying
Gnglomerales and extends up to 2.5 mabove the
ipper bounding surfoce of the deposit. The sund also
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Fig. 50 Detal from digure 4 showing the nehely packed
arrangement b lithoelasts,

Fige 60 View Tovking eustnortheast showing part of the
shore-parallel luweeal estent of the raised heach deposic
Phe lepler “n' denates the general level ol the sl
depositawhich is approximately 4 a1 above the graved
covered footslope of the small clilf i the toregromd. A
planared surliee representinge remnants of s internidal
shore platlorm s visible on the scaward side of the
deposit. Plestocene fanglomerates are evident o the
upper rh-hand portion o the phatopraph B The
raised beach deposit s averlain by o i vepeer ol sand
which also partially  covers the [anglomuerle, bul is
el Lo diseer i this photograph.

oceurs within the uppermost part o the mates of the
gravel bed neur the contaet between the gravel dnd
the overlymg sand. A thermoluminescence age ol
3.0£29 kg (W23 1T was previously reported Tor
this sandy unit (Bournan ef al. 1999). e addinon, a
radipcarbon age (minumum age) ol ~30 ka (Gak-
6093) has previously been reported for molluses
from the gravel beach deposit (May & Bourman
1),

Results and Discpssion

Molleese wvsenthloge
Ihe gravel unil contains o relatively diverse

assemblage ol fossil molluses.  prncipally
gastropods, withmn the sediment matrix. Molluses
inclyde Patetle (Scuellasiral taticosiaia Blamyille,
Mactra  ryfescens  (Lamarck),  Ostred dngers/
Sowerby, Monodonta (Ausirocochlea)  convirien
Lamarck, Nevira (Melanerita) atramentosg Reeve,
Cimatiella feswewrs lredale, Conpy spo Linniens,
Ditomer (Chioradiloma)  adelaidea (Philippi).
Bembicinm  metanostoma (Gmelin). Svdaplera
undltaa (Sowerby ) and opercula of Turbo sp,,
Lmnacus. Many of the shells also occur as e
fragments, highly abraded and o unrecognizable
allinily. Collechively, the Tossil ossemblage indieates
deposition i an environment comparable w the
modern coast al southern Sellicks Beach, with
molluses fonnd in sand or atached W oyocks, 1w
relatively sheltered setting of the lower Hittoral zone
(Ludhraal 1984,

Lhdtitigr

A wenerally  high  degree ol rucermisilion
(expressed as a /L ratia) is evident [or the five
dilferent enantiomeric amino aeids measured 1
such of the fossil mollnses from the gravel beacli
deposit (Table 1), he relalive extent ol racemisalion
lor the dillerent amino acids. within the single
malluse samples, generally  olows the relation
VAL=LEU<GLU<PIHL=ASPE. Sunilar trendy are
reported Tor fussil mollyses from United  States
Pacific coastal plaii sites (Lajoie e/ af, 1980),

Three specimens ol Purella  (Scurellastral
faticostare (samples UWGA-6095. 696 and 763)
reveal good concardince in measured chantiomeric
[atios (e, between=shell D71 rafio varaton) with
cocticients of varialion less than 5.6% far all amino
aeids o the combined data (actual values melude
VAL 2.2%. LEU 5.6%, ASP (.3%, PHIE 1.49%, and
GLU 5%), The consistently  lower  degree of
racemnisabion forall amino avids i the specimen off
Pafelfa sp. (sample UWGA-697), compared with the
other three Pudella samples is possibly due 1o the
diffusive Toss of the more highly racemised . lower
maolecular weight peptide [iaction from the shell
carbonate matrx. Accordingly. the degree of
racemisation as  detsrmined in o the ol acid
hydrolysate, would be disproportionately weighied
towards the less tacemised, higher molecular weight
peplide residues that pemain within the  shell
aragonile mateix. This explanation is consistent with
the poarly preserved nature of some ol the molluses
within the gravel deposit (c.g. chalky appearance).

The high extent of racemisation measured in all the
fossil molluses from the raised beaeh deposit far
execeds values typically determined i Holocene
(Ossils (Murray-Wallace & Bourman 1990; Murray-
Wallace & Goede 19950 Murray-Wallace 2000
Table 1), The extent of racemisation in the molluses
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TABLL U Extent of e acid racemisation tiotad acid hvdrolvsated in fossil molfuses feom o raised grovid heacl

depasit. Scllicks Beadl und other localines for comparisen

Species & 1ocanion Lub. Code

Amtingr acid D/L ratio”

or relerence VAL (AN ASP P Gl u
Sellieks Beach,
raised hesteh deposit
Thirix crbita (columelta) UWGA-733 DLI8-0021 0,364 053610015 - &
Sydaphera widilata UWGA-736 S 0.333 0,322:44,036 -
Patelta (Seutellastra) UWGA-697 LAODE0008 037000018 061300033 0.541-0,006 0,540 (0,051
faticastiti
Patedia (Scatellastra) UWGA-6Y0 0412 Q88200021 08000004 O 7980029 0,600 100K
fativastota
Patelic 1 Seatetlostia) UWGN-6YS 040310003 033100007 07990007 07770017 0.537=0,002
Joticistaia
Pateldla | Newtellostral UWGA-T03 042300008 03200003 080410000 077000009 (Lo F1+0,000

Jaticistatd

Nopita (M lierita)
airameniosg

(Nirva sp.

LIWGIA-THG 0.38%0:0.00%

LIWOATAOR (0.36310.44 0

Late Pleistocene,

Glanville Formation,

Normanville, SA

Mt australiy Rourman ¢ af. 0283004001
(1989)

Ihindntarsiy Iskand. SA

Mo anestralis

I*ort Wakeficld, SA

Annkiva trapezia

0.26H0.003
Murray-Wallaee  0,.32:£0.06
ot el
Kenedvsion vhctiphora (1988) 0.3210.04
iolocene
Three Kivers Creels,
King Island, TAS

Sarelior laticostala Nl[ll‘l'ﬂ}/~\\“.‘l| lage 001
{79060 yr 131" & CGioede

SUA-2927) {1993)

Sir Rictiard Peuinsula, SA

Dimay delioides Murriy-Wallaee (L0700

{22600 140 yr B3
SUA-2ZRNT)

& Rourman
(1990)

O40120.000 0 0.70200.029 05990005 0.6711 0,000

00520413 ONIFE0.023  L72720.008  0.78410.006

0273012 Q50010 - (h333=0.006

(0.37£0.002  (30£0.001 03610002

051002 0.540,03 - (430001t

0311007 (460,012 = 0, 38+00.44

(LUSEN02 o L4 0,001 D.05=11.001

- D2780.00 O 7400 0,12 0.008

Paminog ueihs: VAL - saline: LEU = leuaine; ASP - aspartic acid, PHE - phenylslamne and GELU - gluamic acid,

[rom 1he Sellicks Beaeh deposit also exceeds that
apparent tor representative examples Irom the Lale
Pleistocene Glanville Formation a1 Nermanville and
[Mindmarsh Iskmd. two localities with comparable
current ancan annual air emperatures and, as a
corollary, two deposits likely o have experienced
similar dingenetic temiperature histories o the
Scllicks Beach deposit, given the caveat that the
shells [rom cach deposil remained buried at depths
=1 m lor much of their diagenetic histories (Murray-
Wallace ¢f af. 1988: Bonrman ¢f al, 1999: Table 1).
The Glanville Formation, us originally defined inthe

Adelaide region (Ludbrook 1976; Cann 197%) has
been correlated with the Tast interglacial maximum
(125 ka: Oxygen lsotope Substage 3e) bascd on
thermoluminescence, amino acid racemisation and
uranium-series dating ol correlative deposits [rem
other purts al’ the South Australian coastline
(Belperio of ol 1984; Schwebel 1984: Huntley ¢f .,
1903, 1994; Murray-Wallace 2000),

Although the fossil molluses [rom the raised heach
deposit at Sellicks Beach were obtained [rom near-
surlace conteals (<30 ¢m), the gecomorphological
and stratigraphical evidence suggest that Tor part ol
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therr diagenetic history, the fossils were more deeply
huried (1. at lease |om). However, these molluses
will have experienced a higher integrated diagenctic
femperature than for fossils that have remained in
more deeply buried contexts (Table 1) Current mean
annual air femperatures (CMAT) e Sellicks Beach,
Normanville and  Hindmarsh - Istand e all
approximptely 169 ¢ and 179C for Port Wylkeficld,

e extent of meennsation Tor the majority of
amino acids s significantly higher i the molloscs
fram Sellicks Beach compared  with those o
Narmanville and Tndmarsh Ishind (Table 1) The
difference ineatent ol racenisation s less
pronounced when compared with the molluses from
Port Wakelield which have experienced a higher
dingenctie wmperatare (Table 1) AS carrent mean
annual temperature at the Port Wakelield site is
approsimaltely 17 C warner than at Sellicks Beaeh.
and wiven that rates ol faeemigation me known
imerease by up 1o 20 per cent for sueh o lemperature
difference (MuCay 1987), the implication is that the
shullow burial depth of The shells al Scllicks Beuach
has contributed to the igh degree of racemisation of
dmino aeicdy within these fossils,

Aming acid 171 ratios for (he molluses Trom the
Sellicks Beach deposit mnge Trom the enyvelope ol
vilues representotive ol Tast interglacial uge 1o
porwentially the penoltimate merglacial (e 2200 kas
Oxyuen otope Stage 7), as revealed ma plot ol the
CRECNL Of Faeenmisation againgt eurrent meal aniual
lemperature (and as a corollary, lutitude) (Fig, 7),
The lack ot elnstering and ehronnlogical consistency
ol the data suggests o diagencne basiy for the
ohserved variation in cnantiomerice ratios rather thin
agenuine ace variation between shells, The mange in
N/ ratios for the shells from Sellicks Beach exceeds
that typically Tound for a smgle motopic stage
IMurray-Wallace 2000),

Although racenisation cales are kipwn 1o be
wenis-spectic (Miller & Brigham-Gretie 198Y) (his

tm unbkely o aceount solely 1or the higher degree ol

reeimisation i the fossil Paiella (Scutettastral
Taticustuter rom  the  Sellicks  Heach  deposil,
compared with ather genera fram the Glanyille
Furmanon: 10 therelore coneluded that the highe
degree ol racemisation in the molluses from Sellicks
Beach s due 1o faster rates of racemisation, due to
ther shallos bapal depth durine Lae diagenesos
resulting from the progressive exhumation ol (he
deposit, and o genus-¢fTect on racemisation.

As the shells have been subjected (o varable burial
depths during late dingenesis, the integrated aie
eapression for racemisation was rearvinged  witl
femperatire s the suhject (o assess whether i s
possible o fduee the Bigh extent of reeinsationg al
ambient diggenetic lemperatyres over the course ol
the Holorene. As the amino geid analyses reported
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Fiee 70 The estent ol wvaline rasenisarion (rond avid
Fydrobysate) m tassil molluses i last iwerelosiol g
(Ohsypen lsatpe Substape 3¢ [Tam aouther Austiali
ploried aeainse current menn nnnual airemperare (CC)
10 illustrate the Sellicks Beach dma within o broader,
repivmal wontext, Detwils of samples from clsewhere in
sonthern Austealise ore reported by Mumay-Wallace &
Belperio (1991w Mueray-Wallace ¢0 af. (1999). The
e aeid data B the Bast iershacial molluses dre o
aceord witl the exponential trend ol mereasme exten ol
reentisation with Ripher disgenetic wmperatures. ind as
o corollury, higher eaerent mean smial emperiires
e fossl mollises Trome the rmised beach deposin al
Sellicks Beach reveal o heoadd rimge an extent ol
pieemisition  freom the eiyvelipe ol the st interehicil (o
vitlues comgistent Wil ao penuliinand intere e see
sy pen Isotope St 70 230 kay Awino acrd resales
ler Maloeene and Stage 7 molluses are presemed as g
Irumewark Torcomparsan,

here were updertaken on different fossis feom those
used tor the radiocarbon assay (=30 ka age; May &
Bourman  1984).  the  imegrated  diagenene
temperature was caleatved o examine  the
possihility that the radiocarbon wge was the resal( ol
chimee sampling ol reworked Pleistocene shells
within a Haloeene deposit. A mimimuom age of 7000
vears was selected for the caleulation, represeiting
the g o the culinipation of the pest-glicial
marine bansgression n southern Australio (Belpeno
ef a2 20020 and. (herelore. the oldest age likely for
an undisturbed  Holoeene  eoustal deposit. The
rationale for this 1s that the carly Holacene i e
only time in the Lote Quaternary, apart from the last
interglacial maximum, that sea level was sufficiemly
hieh polentially o forn the raised beach, Present sc
level s not sulliciently high o form the deposit,
Furthermore, inferstadiol sen levels of the Late
Pleistweene (Chappell er af. 1996) were signilicantly
below present sea level and woold wnply rates of
fectanic uplift of a magnitude inconsistent with the
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swell-estblished tectomic frmmework o0 the region
(Bowamat o af. 1999: Felperio ¢ al. 2002).

A average diagenenc wmpetature reguired (o
iduce the degree of vacemisaion measured i the
[ossils assuming an agd of 7 ka was derermined thus:

1 o= 54340
(1070 (11
15 77-log In - n
(1031 (-1 ye

2
where | s the absolule temperatare (ko DAL and
[/, are the enantiomerie ralios ol the Tossils and
therr muodern equivalents vespectively, 7 s an
asstmed age (¢ 7000 vears)y and 15,77 and 5939 are
constints derived Trom the empivical rate constint
expression ( Wehmiller 1982, 1993). Accordingly, un
averuge diagenetic emperature of 24 0 would he
necessary o induce the extent ol raeemisation
measgred ine the theee specimens ol Parella
(Scutellastral faticostita TUWOA=OD5, <690 and
-763) Trom the raised beach deposit il they were only
7T ki, A dugenetic emperature ol this value s
unlikely, hawever, given that the curent mean
arnadaie teperatuie at o Sellicks  Beaeh s
approsimately 167 €0 A prolonged. higher mean
annual wmperature by as muoch as 8% C s unlikely
over the course ol the Holoeene foc this region
(Chappell 1991) Thus, the extent of maeemisalion
mesired i the Tossil molluses from (he raised
heach deposit could not have heen ultaimed during
the Holocene, A penultimate interglacial age s also
not favonred. as the gravel beaeh deposit s unlikely
W fiave suryvived erosional processes of the lust two
placial eycles. O Miis Dasis o lastinterelacial age js
Frvogeed T the rnsed gravel beach  deposit al
scllicks Reach:

Nealectonivs

Ve ruised gravel beaeh deposit at Sellicks Beach
provides a0 Torther opportumty o examine the
neolectonic hehaviour of - Flearicu Peninsul
Previous nvestigations hove revealed thal the region
hitn  expericnced  seologically  recent uplift as
indicoted by the elevation ol last imterg gl coastal
deposits (Bourman of «f. 1999).

Althougle miny cravel beacl deposits represent
relafional sea-level indicators (e, always orm
abwove tidal datuny) and are therefore ol only moduesi
reliahility (Chappell 1987), several attributes af the
deposit at Sellicks Beach render it more reliahle lor
guantifyine rates of neoteetonisn. The adjacent

modern intertidal platiorm has clearly torned within
A parrow range o fidal danan and represents an
analogous Teature W the Pleistocene cquivalent. The
upper reaches of the madern shore platforin are
covered by houlders and cobhles  presumably
accumulated  during storm events, However, the
steep backing slope of the el prevents houlders or
finer clasts from being deposited atany sighificantly
higher elevation above tidal datm.

Pstimates of o glacio-custatic sea level Tor the lust
fterglacial (Oxyeen [sotope Substage 5¢) from Fyre
Peninsula suggest o value of 2 m AHD, and
represents a particularly reliable datum given the
relative tectonic sthility of the Cawler Craton upon
which much of the Eyre Peninsuly coastline hax
developed (Murray-Wallace & Belperio [991). Thus,
uplift of the Sellicks Beach deposil by as much as 3
m is indicated based on the clevation ol the contacl
Bietween the gravel deposit and the underlying
erosiondl surliace of the relict shore plattorm,

The amount ol uplifi since the last interghcial
maximim, ferred  fron the deposit ai Sellicks
Beach (¢ 3 m) s less thon thiat observed
Normanville (¢, 10 m) to the south of the Willunga
Fault (Bourman ¢f al: 19993, I'he uplifi s atlributed
10 the combitied elfeets of pngoing tectonic uplifl ol
e Adelaide 11l and crostomal unloading and
assochted crustal sostatic compensation. Furtho
research i requited o model these processes
geaphysically.

Conclusiong

The extent of racemisation for several ainino acids
in Lossil molluses from o raised pravel beach deposil
at Sellicks Beach, South Auvstraliag indicates that the
deposit is ol Late Plastoecne age. and most ikely
formed during the lust interglacial maximum ¢ 125
ks Oxygen lsotope Substage 501, The deposit
indicates up w3 m ol uplilt has occurred in Lhis
region sinee the kst imerg lacial and suggests that (he
region is sill undergomyg neoteetonie uphilt.
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